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57 ABSTRACT 

An ultrasound transducer includes a resonant driving assem 
bly having an ultrasound radiating surface covered with a 
propagation disc of impedance matching material. The reso 
nant driving assembly and propagation disc are housed in a 
polymeric or stainless steel enclosure. All exposed surfaces 
of the enclosure, resonant driving assembly, and disc are 
covered with a coating of polyparaxylylene to make the 
transducer substantially impervious to industrial chemicals. 

11 Claims, 1 Drawing Sheet 
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1. 

ACOUSTIC TRANSDUCERFOR LEVEL 
MEASUREMENT IN CORROSIVE 
CHEMICAL ENVIRONMENTS 

TECHNICAL FIELD 

This invention relates to acoustic transducers for measur 
ing the levels of industrial chemicals in storage vessels. 
More specifically, the invention is concerned with an acous 
tic transducer suitable for prolonged exposure to a wide 
variety of corrosive chemicals in industrial applications. 

BACKGROUND OF THE INVENTION 

Manufacturers, transporters, and users of industrial 
chemicals generally need to track the amount of inventory 
present in their storage vessels, or to detect varying material 
levels in process-control systems. A number of instruments 
designed to be mounted inside the vessels are available for 
this purpose, including capacitance probes, pressure trans 
ducers, and air-ranging ultrasonic transducers. However, the 
design and shape of the vessel may make application of 
systems that make contact with the liquid in the vessel 
impractical, thus making a non-contact system such as the 
ultrasonic transducer the most cost-effective and preferred 
approach. 

Liquid-ranging ultrasonic transducers designed to mount 
on the outside of the vessel are available. These units are 
designed to mount under the bottom of the vessel in such a 
way that their radiating surface imparts ultrasound energy 
into the bottom surface of the vessel. The ultrasound energy 
is then transferred into the liquid contained in the vessel. By 
recovering energy reflected from the liquid surface, this type 
of transducer can provide the information needed to deter 
mine the liquid level. This approach has not gained wide 
spread use due to a number of limitations. Among these are 
the requirement that the bottom surface of the vessel be 
accessible, and of reasonably flat shape. Another require 
ment is that the vessel be made of metal. Many acid storage 
vessels are constructed of polymeric materials. These factors 
do not affect air-ranging transducers. 

Air-ranging ultrasonic transducers are typically mounted 
over openings on top of, or inside the tops of, storage vessels 
in such a way that their radiating surfaces direct the acoustic 
sound waves down toward the material surface. Many 
industrial chemicals, including solvents and acids, give off 
vapors that condense on the air-ranging transducers subject 
ing them to chemical degradation. 

Various materials have been employed for the construc 
tion of the outer components of ultrasonic transducers, 
primarily the enclosure and the radiating surface, in attempts 
to make them as chemically resistant as possible. Enclosures 
made from stainless steel or polymeric materials are typical, 
as are radiating surfaces made from fluoroplastics such as 
Polytetrafluoroethylene (PTFE). All of these materials are 
nevertheless subject to deterioration under prolonged expo 
sure to some chemicals. The polymeric material covering the 
radiating surface of transducers is typically in the form of a 
relatively thin membrane. The membrane should be thin in 
order to preserve the transducer efficiency, enabling the 
transducer to transfer the maximum amount of acoustic 
energy into the gaseous medium in which the units operate. 
The porous nature of the membrane will, in time, allow some 
chemicals to permeate them, degrading the internal trans 
ducer components. These factors limit the applications to 
which existing air-ranging ultrasonic transducers can be 
subjected for prolonged periods of use. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the invention to provide an air-ranging 
ultrasonic transducer specifically designed to operate in 
several chemical environments for prolonged periods of 
time without suffering physical degradation. 

It is another object of the invention to provide an air 
ranging ultrasonic transducer specifically designed to oper 
ate in severe chemical environments for prolonged periods 
of time without suffering performance degradation. 

It is another object of the invention to provide an air 
ranging ultrasonic transducer specifically designed to oper 
ate in severe chemical environments encompassing a range 
of materials not attainable by existing ultrasonic transducers. 

These and other objects of the invention are provided by 
an ultrasonic transducer incorporating piezoelectric ele 
ments as the driving source to produce the vibrating signal 
which is subsequently converted into acoustic energy. The 
signal is further developed by a mechanism consisting of 
low-loss acoustic propagation material which provides an 
impedance match between the driving element and the 
gaseous medium which generally will be, but is not limited 
to, air, into which the acoustic signal is transmitted. A 
membrane, preferably of a polymeric material such as 
polytetrafluoroethylene, or other polymeric material, or 
stainless steel, is adhered to the acoustic propagation mate 
rial and provides a solid signal-radiating surface for the 
transducer. 

The transducer is enclosed in a cylindrical housing, pref 
erably manufactured from a polymeric material such as 
Polyvinyl Chloride (PVC), or other polymeric material, or 
stainless steel. The end opposite to the signal-emitting end is 
preferably reduced in diameter and incorporates an external 
pipe thread onto which a coupling is installed. This coupling 
is preferably manufactured from a fluoroplastic material, 
such as polytetrafluoroethylene, or other polymeric material, 
and provides the means for attachment of the transducer to 
the vessel structure. The signal-carrying cable exits the 
transducer through this coupling. 
The transducer enclosure, including the signal-emitting 

surface, is coated with Polyparaxylylene(R) (DPXN), a series 
of materials known by the generic name ParyleneTM. This is 
a linear, highly crystalline material which possesses superior 
barrier properties. The material is deposited on the trans 
ducer by means of free molecular dispersion in a vacuum 
environment. This process results in a closely controlled, 
pinhole-free coating, giving the transducer the ability to 
withstand exposure to a broader range of industrial chemi 
cals than other materials available for this purpose. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an axial cross-sectional view of a preferred 
embodiment of the inventive transducer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The transducer 10 includes a resonant driving assembly 
12 comprised of two piezoelectric discs 14, 16 placed 
between two metallic masses 20, 22 and held in a compres 
sive mode by a threaded boit 24 which is screwed into the 
forward metallic mass 22. The physical dimensions of these 
masses 20, 22 establish the resonant operating frequency of 
the assembly 12. The electrical excitation signal is intro 
duced into the piezoelectric discs 14, 16 via a coaxial cable 
30 attached to conductive shims 32, 34. The above-de 
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scribed resonant driving assembly 12 is housed in a gener 
ally cylindrical enclosure 38. A propagation disc 40 of 
low-loss acoustic propagation material is bonded to the 
forward mass 22. The thickness of the propagation disc 40 
is precisely chosen to provide the correct impedance match 
between the lower piezoelectric disc 16 and the gaseous 
medium in which the transducer 10 is designed to operate. 
A rigid ring 46 surrounds the disc 40 and serves to locate the 
assembly 12 within the enclosure 38. A membrane or coating 
50 is bonded to the propagation disc 40 within the ring 46 
and serves as a solid surface onto which a chemical-resistant 
coating is deposited. The coating is preferably either a film 
of polymeric material having a thickness of between 0.001" 
and 0.01" or stainless steel foil having a thickness of 
between 0.001" and 0.005". 
The cylindrical enclosure 38 incorporates threads onto 

which a bezel 60 is screwed to capture propagation disc 40, 
ring 46, and driving element assembly 12 within the enclo 
sure 38. Elastomeric O-ring seals 64, 66 are compressed in 
slots between the enclosure 38 and bezel 60 to allow for 
manufacturing tolerances and provide sealing against entry 
of surface-preparation liquids prior to the final coating 
process. The cavity inside the enclosure 38 is filled with a 
flexible encapsulating material 70 to provide additional 
sealing and electrical insulation for the driving element 
assembly 12. The material 70 retains its flexible character 
istics after curing, which allows the assembly 12 to physi 
cally oscillate at its operating frequency. A reduced diameter 
portion of the enclosure 38 is filled with a rigid encapsulat 
ing 74 containing lead pellets which provide a dampening 
mass to reduce transmission of vibrations from the trans 
ducer 10 to the mounting structure on the vessel (not 
shown). The encapsulant 74 serves to seal an opening 78 of 
the enclosure 38 through which the cable 30 passes. 
A uniform coating of PolyparaxylyleneQ is deposited on 

all external surfaces of the transducer 10. The preferred 
thickness of this coating is between 0.0001" and 0.001". 
Polyparaxylylene is a proprietary product available from 
Union Carbide Corporation. A threaded coupling of fluoro 
plastic material 80 is screwed onto a threaded rear boss 82 
of the enclosure 38 to provide for mounting into a threaded 
mounting structure (not shown) without damaging the coat 
ing on the threads of the transducer enclosure. 
We claim: 
1. A chemically insensitive ultrasound transducer for 

measuring the level of industrial chemicals, said transducer 
system comprising: 

a piezoelectric driving assembly having an acoustic radi 
ating surface, 
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a low-loss acoustic propagation disc covering and being 

acoustically coupled to the radiating surface of said 
piezoelectric driving assembly; 

an enclosure surrounding said piezoelectric driving 
assembly and propagation disc; and 

a coating of polyparaxylylene having a thickness of 
between 0.0001 inch and 0.001 inch covering all exter 
nally exposed surfaces of said piezoelectric driving 
assembly, propagation disc, and enclosure to make said 
transducer system substantially impervious to said 
industrial chemicals. 

2. The transducer of claim 1, further including a coupling 
of fluoroplastic material attached to an end of said enclosure 
opposite the radiating surface of said piezoelectric driving 
assembly. 

3. The transducer of claim 1, further including a disc 
coating of a material suitable for said polyparaxylylene 
coating to bond covering an externally exposed surface of 
said acoustic propagation disc. 

4. The transducer of claim 3 wherein said disc coating is 
a polymeric material having a thickness of between 0.001 
inch and 0.01 inch. 

5. The transducer of claim 3 wherein said disc coating is 
a foil of stainless steel having a thickness of between 0.001 
inch and 0.005 inch. 

6. The transducer of claim 1 wherein said cylindrical 
enclosure is fabricated from a polymeric material. 

7. The transducer of claim 1 wherein said cylindrical 
enclosure is fabricated from stainless steel. 

8. A method of making an ultrasound transducer substan 
tially impervious to industrial chemical degradation, said 
method comprising coating all externally exposed surfaces 
of said transducer with a coating of polyparaxylylene having 
a thickness of between 0.0001 inch and 0.001 inch. 

9. The method of claim 8 wherein said ultrasound trans 
ducer has an acoustic radiating surface, and wherein said 
method further includes the step of coating said acoustic 
radiating surface with a material to which said polyparaxy 
lylene can readily bond prior to coating said transducer with 
said polyparaxylylene. 

10. The method of claim 9 wherein said material is a foil 
of stainless steel having a thickness of between 0.001 inch 
and 0.05 inch. 

11. The method of claim 9 wherein said material is a layer 
of polymeric material having a thickness of between 0.001 
inch and 0.01 inch. 


